Two large-scale surveys of body temperatures in elderly people living at home were carried out in the winter of 1972. Most of the homes visited were cold with room temperatures below the minimum recommended by the Department of Health. Deep body temperatures below 35 5'C were found in 10% of those studied, and the difference between the skin temperature and the core temperature was also reduced in this group. Such individuals are at risk of developing hypothermia since they show evidence of some degree of thermoregulatory failure. Further research is needed, but meanwhile there are practical measures that could be taken to reduce the risk of hypothermia in the elderly.
Introduction
There has been medical concem and public unease for many years about the problem of hypothermia in the elderly but accurate information has been unobtainable, with estimates of the incidence of deaths due to hypothermia varying from the 100 or so retums on the Registrar General's death certificates to over 20,000 deaths yearly (Taylor, 1964) . The few surveys which have tried to discover the incidence of low body temperatures have not been national or random and have usually relied on mouth temperature measurements. An estimate that there could have been 9,000 hypothermic patients (of all ages) admitted to hospitals in Great Britain during February, March, and April 1965 (Royal College of Physicians of London, 1966) was based on the criterion of a rectal temperature below 35 0'C. Many of these patients probably had an associated illness contributing to the fall in body temperature. Furthermore, "many elderly bedridden patients may die in their homes without the condition being diagnosed" (British Medical Yournal, 1964) . This paper reports the main results of the first large scale random survey of the elderly population living at home in Great Britain, designed to investigate human and environmental temperatures and factors influencing these temperatures. The survey was undertaken by the Centre forEnvironmental Studies and the National Institute for Medical Research in collaboration with the geriatric departments of University College Hospital and the Royal Free Hospital. The fieldwork was organized by the Opinion Research Centre.
The aims were (1) to ascertain the incidence of low body temperatures in the elderly at home during three winter months using recently developed physiological techniques; (2) to relate the body temperatures (hand, mouth, and core) to the environmental temperatures (room and external) and living conditions; and (3) to identify the categories of elderly people particularly at risk of developing hypothermia by investigating the relationships between body temperatures, individuals' awareness of warmth, and socioeconomic circumstances. The results reported here have led us to make such recommendations as seem to be reasonable in the light of this preliminary analysis of the data.
Methods

POPULATION STUDIED AND SELECTION PROCEDURE
The subjects were selected at random by a systematic probability sample method for the national survey. Over 1,000 subjects were surveyed in 100 constituency sampling points. All constituencies in Great Britain were stratified according to the Registrar General's standard regions and the nature of the constituency-that is, conurbation, borough, or county seat-account being taken of the size of the electorate. In each constituency a clustered systematic sample of voters was drawn from the electoral register. The subjects were visited and those aged 65 and over were invited to co-operate in the survey. This difficult and expensive way of sampling was used as the best method of obtaining a representative sample throughout Great Britain. The sample design was by the Opinion Research Centre (Kish, 1965; Moser, 1971) .
In the national survey the fieldwork was spread evenly over three months to ensure that no particular period of time was over-represented or under-represented. A similar largescale study in the London Borough of Camden was carried out with the aim of more intensive domiciliary and hospital investigations on a subgroup.
PHYSIOLOGICAL MEASUREMENTS
The survey techniques have been described in detail elsewhere (Fox et al., 1971; Fox et al., 1973 a; Fox et al., 1973 b) . Briefly, the mouth (usual sublingual position), hand, and urine temperatures were recorded using clinical low-reading thermometers calibrated to ± 0 05'C. The mouth and hand temperatures were measured simultaneously for five minutes. For the hand temperature measurement a clinical thermometer was attached to an expanded polystyrene block; the subject held this with the thermometer pressed against the palm of the hand for five minutes to give the deep tissue temperature rather than that of the skin. The Uritemp bottle (Portex Ltd.) used in a pilot survey (Fox et al., 1973 a) was redesigned with an improved funnel to direct the urine flow over the low-reading thermometer, as described by Fox et al., (1973 b) . A disposable urine-temperature measuring device has now been developed.
Our experience in the pilot studies showed the importance of accurate temperature measurement and recording, and a magnifying glass was provided to facilitate the reading of the clinical thermometer to the second decimal place.
THERMAL COMFORT AND PREFERENCE GRADINGS
The subjects' thermal comfort was elicited by the following sets of questions (A, B, and C), which differed from those used in the pilot study (Fox et al., 1973 a) . (A) "In general, how warm or how cold are you feeling at the moment?" This was recorded against a scale reading (1) much too warm, (2) too warm, (3) comfortably warm, (4) comfortable, (5) comfortably cool, (6) too cool, and (7) much too cool. (B) "Would your prefer to feel (1) very much warmer, (2) slightly warmer, (3) no change, (4) slightly cooler, or (5) very much cooler?" (C) "How warm or cool do your hands feel at the moment (1) much too warm, (2) too warm, (3) comfortably warm, (4) comfortable, (5) comfortably cool, (6) too cool (7) much too cool?"
The thermal preference scale (B) is closely modelled on the one devised by Watts (1972) . This survey differed from the pilot study in that measurements were made at, or as near as possible to, set times in the evening and in the morning.
SURVEY AND QUESTIONNAIRE
The survey took place during January, February, and March 1972. After an initial visit to ask if the subject was willing to co-operate, morning and evening visits were made as close as possible to set times (8-10 a.m. and 4-6 p.m.) A nurse-interviewer completed a questionnaire with each subject, the procedures being based so far as possible on previous surveys of the elderly, and especially that of Shanas et al. (1968) . The Classifications of Subjects.-The subjects were divided into two classes according to their morning urine temperatures. Subjects with temperatures of less than 35 5'C were the "low old" and those with temperatures equal to or greater than 36 0'C (excluding fevers) the "normal old." These groups are referred to below as "low" and "normal" respectively.
Results
The brief comments that follow on the results analysed so far are an attempt to link together the way separate factors influence the deep body temperature of the elderly.
Frequency fig. 1 (d) . Clearly many of the rooms were much too cold for comfort. In 754 cases (75 %) the temperatures were at or below 183°C (650°F), the minimum level recommended by the Parker Morris report on council housing (Ministry of Housing and Local Government, 1961) ; the proportion is even greater if the 21 1°C (700°F) recommended for old people by a recent Department of Health and Social Security (1972 b) leaflet as applied. In 537 cases (54%) the temperatures were at or below 16 0'C (60-80F), the minimum temperature specified in the Offices, Shops and Railway Premises Act (1963) . A number of subjects were living in exceedingly cold conditions. In 106 cases (10%) morning living-room temperatures were at or below 12 0'C (53 6'F).
Mean Morning and Evening Temperatures.-The physiological measurements obtained in the national and Camden surveys were closely comparable-for example, the mean morning mouth temperatures showed a difference of only 0 06°C (table IV) . The slightly higher mean environmental temperatures recorded in the Camden survey were due to the fact that a larger number of subjects were studied in the warmer month of March. The differences between the morning and evening body temperature measurements illustrated a marked circadian rhythm in this elderly population. (Fox et al., 1971 ) that the corresponding urine temperature is approximately 34-8'C. After exclusions resulting from our statistical screening there were 28 subjects who had urinary temperatures of 35.00C or below in the morning; 13 of these were below 34.80. Nineteen subjects had mouth temperatures more than 1-0'C above their urine temperatures, and these were excluded too. A low urine temperature in subjects with a falsely high mouth temperature (due, for example, to a recent hot drink) could still have indicated hypothermia, but there was no way of distinguishing this group from those in whom the low urine temperature was the result of a fault in technique. There remained a total of nine subjects who had abnormally low deep body temperatures in the morning, but all were above the hypothermic level in the evening. Five of the nine had morning mouth temperatures above 35'0'C, but the highest of these was only 35'25°C.
Analysis of the Nine Subjects with Morning Low Body Temperature.-Of the 9 subjects 5 (4 national, 1 Camden) had urine temperature of 34-8'C or below, and 4 (2 national, 2 Camden) had urine temperatures of 34 80 to 35O'C. Some of the important characteristics of the subjects with very low BRITISH MEDICAL JOURNAL 27 JANUARY 1973 deep body temperatures were as follows: most were living alone, had no heating in the bedroom, and lacked the basic amenities of hot water in the bath, sink, and basin; all were single or widowed; none had central heating; five had no help from community services, but the needs of the remaining four were partly recognized by attention from district nurses, health visitors, or home helps; and seven were receiving supplementary pensions. Their room temperatures were similar to the overall mean (national). The hypothermic subjects did not have a higher mean hand temperature that that for all subjects. The hypothermic subjects represented 0-58% of the national and 0-32 % of the Camden samples. Those with a deep body temperature below 35 5°C represented 9.5% of the national and 100% of the Camden samples, and we believe that it is much more important to focus attention on this large group, who have only small reserves of body heat. The mean urine temperature for the low group was 35-1'C and that for the normal group 36'5'C, so that the core to periphery temperature gradient was 2'9'C in the low group and 4-6'C in the normal group ( fig. 2 ). This indicates a degree of themoregulatory inadequacy in the low group compared with the normal group. Fig. 2 shows the significant correlations between temperature measurements and summarizes the separate socioeconomic and physiological factors we have tested.
Discussion
The deep body temperature of the elderly population is the most important aspect of this study. The results of the mouth and urine temperature measurements are compared in fig. 3 with those reported in some other investigations of old people and fit young adults (Ivy, 1944; Fox et al., 1971; Salvosa et al., 1971; Fox et al., 1973 a). The mean deep body temperatures of the elderly in the two surveys and the earlier pilot study are remarkably close. The greater variability of the results from the pilot survey was due to combining both morning and evening measurements, which underlines the importance of taking into account the circadian rhythm in any evaluation of body temperatures. In contrast the younger subjects showed a higher mean deep body temperature, and the corresponding standard deviations were based on the mean for each subject. The comparison of mouth temperatures in these studies shows a similar pattern at a lower temperature but with a much more marked effect of cold exposure in the young adults. The greater variability of the measurements in the elderly is probably an effect of ageing, commonly found in measurements of function in other bodily systems.
The value of the urine temperature technique is apparent from the more significant correlations shown by this measurement compared with those obtained when mouth temperature is used. With the addition of the hand temperature measuring technique thermoregulatory control is open to logical analysis (Fox et al., 1973b) . As this survey was carried out during a slightly milder winter than usual it is important to realize that the number of cases found with low body temperatures could be an underestimate rather than an overestimate of those that occur on average. Our elderly subjects may have been affected during the survey period by a miner's strike (9 January to 28 February) and reductions in the power supplies.
A feature of this study was that we did not find a high incidence of hypothermia in the elderly at home; however, large numbers of old people with low deep body temperatures were found. These people are "at risk" not only because they are less successful in conserving body heat, as shown by their inability to maintain an adequate core/shell temperature gradient, but also because they have a proportionately lower body heat content. This study underlines the lack of awareness of cold by some old people (Watts, 1972; Fox et al., 1973a Health, 1968; Williams, 1968; Allen, 1969; Eddy et al., 1970; Corkhill et al., 1972) 
Recommendations
(1) A survey using measuring techniques similar to those used in the present study should be undertaken on large groups of younger subjects. This would provide data with which the results of the present study could be compared. It would also help doctors in establishing the criteria for "normality" in other clinical situations.
(2) The Royal College of Physicians's (1966) hypothermia survey should be repeated using similar procedures to those used in the present study and including a follow-up of the progress of random samples of patients aged 65 years and over in the categories "low" and "normal" as adopted here. This would help to elucidate the problem of the effect of body temperature on morbidity and mortality.
(3) For the diagnosis of the illness hypothermia the deep body temperature must be measured.
(4) The definition of the illness hypothermia should be carefully considered at the next revision of the classification of diseases adopted by the Registrar General and the World Health Organization. All patients who are known to have had a deep body temperature below 35O'C during their illness should have this fact recorded for the purposes of hospital activity analysis and death certification.
(5) A small co-ordinating committee consisting of medical and social scientists and administrators should be set up to consider the cost-effectiveness, practicability, and usefulness of a variety of measures, some of which are indicated below.
(6) Priority should be given to the consideration of measures which will help to ensure that elderly people are not precluded by lack of money from attaining living conditions adequate to protect them from the cold.
(7) Other approaches to the problem could also be of great benefit if they were effectively promoted and applied: (a) the development and use of warning systems to detect either low room or low body temperatures or both; (b) the development and use of a low-wattage electric under-blanket designed for this purpose; (c) measures to improve space hseating and insulation in the homes of those at risk; (d) the lower limit on the standard clinical thermometer should be extended downwards from 35 0'C to 32-0 or 33O'C.
(8) Doctors and others in contact with the elderly should pay particular attention to old people living in cold accommodation with low deep body temperatures even though they say they do not feel the cold.
(9) More effective publicity is needed to ensure that the elderly and those responsible for their welfare know about the many measures already available to meet their needs.
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